YRR 2019, 43 (5): 427-436
Chinese Journal of Plant Ecology

DOI: 10.17521/cjpe.2019.0046

http://www.plant-ecology.com

AARMM T REREFRENRSENSHENEY =
5 S FITERIERFN

T 2 xaEE 4FxEat! # # Kk Bunl® EHET
VR R R BHRIR B B, AR 1] 7500215 2R R B A A B S TR Y S ER B AR R e R, dhR 100093; P E K FEwt ke, 81
750021
OB RASEN)UREEIIGE T ZENTEER, SURMAY A BB C):NB P ES TR AR PR RS
RGNS DI BRS8NI T B E R S AP e s A S ST AR E O R AL, ATAVRAN T AN
N 51 AR 2 AR VE PR AR AL R S . 12 LA T BRGNS G, ERDT TN T AV SRR 2 R
AT, AT T WA AP R CNPAE S AT R ST K 5 oA 3 R 7 L R R A B I A A R . 5 SRR N
TINT 3% B3 (Salsola collina)d: 4 5 & 48 hnfa s, 28 T(Lespedeza potaninii)4: ¥ 2 B Wi PG4, HA YR Y
BN 2GR E AR R B KF; NS INESE, Shannon-WienerZ FEVEFEEL. Simpsonfll 3 & 18 H fiPatrick=F & fZ 15 ¥ty
E%Wﬁﬁi‘bﬂi: RIS, NGRS T E A ENS BRINP, KT AV EMECN, EYBEHR S HE
YIEYIENS B, MAEYAEDRECN, MAEYEYENP. TIHENO-NKT .. HHINH-NIKE UK 54 P& EA BR KM%
K&, 1fél€|£%E%EC'N'PE*1&%11‘%’%@%%%%*%*—%%%@ﬁﬁ’%%ﬁ‘@”}%@cE"Jﬁﬂiﬁﬁﬁﬁﬁﬁ%, {H 5 Ho A 3R 7
ILFIFRRE TR ZE, BWENGI TR EYECN: P_’%j‘%%fFEﬁﬁXﬂE%ﬁ@?ﬂﬁi [ T A R R T s B A G
KR KAREVRE; AT RRE, A2, BT RS

TEE RISV, REOR, S, RIGE, BT, EEE (2019). BRI R S AV TR A RS AE Y A Y A S R R I . R A S
4%, 43, 427-436. DOI: 10.17521/cjpe.2019.0046

Effects of nitrogen addition on plant community composition and microbial biomass ecological
stoichiometry in a desert steppe in China

WANG Pan', ZHU Wan-Wan', NIU Yu-Bin', FAN Jin', YU Hai-Long', LAI Jiang-Shan®, and HUANG Ju-Ying®"

College of Resources and Environment, Ningxia University, Yinchuan 750021, China; State Key Laboratory of Vegetation and Environmental Change, Insti-
tute of Botany, Chinese Academy of Sciences, Beijing 100093, China; and ®Institute of Environmental Engineering, Ningxia University, Yinchuan 750021,
China

Abstract

Aims Increasing atmospheric nitrogen (N) deposition accelerates soil N cycling, potentially resulting in decoup-
ling of microbial biomass carbon (C):N:phosphorus (P), loss of plant species, and reductions of provision of eco-
system service. Studies on how the changes of elemental balance in microbes affect plant community composi-
tion, could provide a new insight for making clear the mechanism of N-induced loss of plant species.

Methods We conducted a manipulative N addition experiment in a desert steppe in Ningxia, northwestern China
to quantify the changes in plant biomass and species composition over two years. We analyzed the individual ef-
fects of microbial biomass C:N:P ecological stoichiometry and the joint effects with other key soil factors on plant
community composition.

Important findings The responses of plants to N addition appeared species-specific. The biomass of Salsola
collina increased substantially; the biomass of Lespedeza potaninii decreased gradually. Other species showed
slightly decreasing in biomass although statistically insignificant (p > 0.05). Along the N addition gradient,
Shannon-Wiener diversity index, Simpson dominance index, and Patrick richness index of the plant community
increased initially but decreased over time later. With increase in N addition level, the N content and N:P ratio of

WA H #Received: 2019-03-05 3252 H # Accepted: 2019-04-23
BEWH: 7 H RS R 0 70 H (NGY2017003) B H AR 5342 (31760144)Fl 7 B H 48Rl 5 4:(NZ17015) . Supported by the High School
Scientific Research Foundation of Ningxia, China (NGY2017003), the National Natural Science Foundation of China (31760144), and the Natural Science
Foundation of Ningxia, China (NZ17015).

* J@ {5 1E 4 Corresponding author (juyinghuang@163.com)

©U 00000 Chinese Journal of Plant Ecology


Hp
打字机文本
扫
码
提
问


428 WA EZM Chinese Journal of Plant Ecology 2019, 43 (5): 427-436

the microbial community increased, but the C:N ratio decreased. Plant community composition showed stronger
correlations with microbial biomass N content, microbial biomass C:N ratio, microbial biomass N:P, soil NO;-N
concentration, soil NH4-N concentration, and the total P content of the soils. Microbial biomass C:N:P ecological
stoichiometry explained <3% of the variation in aboveground plant biomass and community diversity index. Sur-
prisingly, the joint influences from microbial biomass C:N:P ecological stoichiometry and other soil properties
explained 51% of the variation in plant biomass and 26% of the change in plant community diversity. These re-
sults indicate that the effect of microbial biomass C:N:P ecological stoichiometry on plant community was highly
related to the effects of other soil properties under N addition.

Key words atmospheric nitrogen deposition; ecological stoichiometry; species diversity; degraded ecosystem
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Fig. 1 Effects of N addition on biomass of plant community (A) and individual species (B) (mean + SE, n=5). N0, N1.25, N2.50,
N5, N10, and N20 represent N addition level of 0, 1.25, 2.50, 5, 10, and 20 g-m’2~a’1, respectively. Different lowercase letters indicate

significant differences among N treatments (p < 0.05).
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Fig. 2 Effects of N treatments on plant community diversity (mean + SE, n=5). N0, N1.25, N2.50, N5, N10, and N20 represent N
addition level of 0, 1.25, 2.50, 5, 10, and 20 g‘m’2~a’1, respectively. Different lowercase letters indicate significant differences among
N treatments (p < 0.05).
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Fig. 3 Effects of N treatments on microbial biomass C, N, P, and their stoichiometric ratios (mean + SE, n = 5). N0, N1.25, N2.50,
NS5, N10, and N20 represent N addition level at 0, 1.25, 2.50, 5, 10, and 20 g~m’2-a’1, respectively. Different lowercase letters indicate
significant differences among N treatments (p < 0.05).
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Fig. 4 RDA of plant biomass (A) and community diversity (B) explained by soil factors. Sc, Am, As, and Lp represent Salsola col-
lina, Astragalus melilotoides, Artemisia scoparia, and Lespedeza potaninii, respectively. H and D represent Shannon-Wiener diversity
index and Simpson dominance index, respectively. MBC, MBN, MBP, C:N,,,, C:P,,, and N:P,, represent microbial biomass C content,
N content, P content, C:N, C:P, and N:P, respectively. TOC, TN, TP, C:N,, C:P,, N:P,, NH;-N, NO;-N, and AP represent soil organic
C content, total N content, total P content, C:N, C:P, N:P, NH;-N concentration, NO3-N concentration, and available P concentration,
respectively.
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Fig. 5 Variation partitioning of plant population biomass (A) and community diversity index (B) by soil factor groups. Values < 0
not shown. Data in one circle represent the variation individually explained by the soil factor group, data in the overlapped part of
circles represent the variation jointly explained by soil factor groups. X; group includes microbial biomass C content, N content, P
content, C:N, C:P, and N:P; X, group includes soil organic C content, total N content, total P content, C:N, C:P, N:P; X; group in-
cludes soil NH;-N, NO;-N, and available P concentrations, respectively.
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BIRE VMG EBCHTUE N LIRS,
VI BB Z A R AR ST ), R
] AR AP RS . £ LIENE
BEENHET, 2R TN, B
KA R . Fitk, 75 TIENZ R,
NN fE s AK, BEENA AER e,
VAN FH S A [R] 5| 762 1 2R 25 A7 70 25 DA K 328 T 38
558 [ AL 20 o () T S BEURT P2 W R I 58 5, BG40
IR 7K (Song et al., 2012; BIKINEE, 2015).
AR, NUIERE TR ERAKEE, HEM
Hil T AT AEYERRREND. HEFTTRAEK
SR A e B B R, AR AT A PR B R A AR
SR T, It DUE B V& A ORI AR 25 AL 58 E (5K
A A R VR4, 2013); BN RSN, HAh
TR N IR BB S B0, — . AR RHEY
MBS A BRI AE AR RE I (RA SR TH G K E
FE(FEIBREEEE, 2010; F 4%, 2016), 5 H Ak Fh
PR BRIRSE S, I LAY AR VR K
It FERE AR ) & S IS T R 20 R 1 1) 2
D ENTRINE 25 T Patrick = 5 JEIR L, T EE
NS 0 2 35 P& X T Shannon-Wiener % #F £ 45 44 -
Simpsonf/t #5454 LA & Patrick £ & FE e %, R,
BN IR T 28R K, Wi E T RE
VIR Eh R ENBISERE A ALK, B
BB Z AR A, et 7T XA D FhoGHIC N
IR B U, 5 A A R AR S RS
[P 5T 45 B (Tang et al., 2017; ¥fE%E, 2018)4H1 .
32 NHEMTHENEDECNPESHUFITE
FFE

WA EYECNPAEBF I E e T
A E BN 77 18] A SR 3 ) O3 il R vh 3 0 BT S

4, bz L IECIR LA IR 70 A 2 (Heuck et
al., 2015). 2k RE B A Y EC:PAR IR AL
KCF#ME R59.5, BERLE), HCN (3-24)FIN:P
(1-55)22 4L IR FE %5 /N (Cleveland & Liptzin, 2007). 4%
W, B fa O A Y C:NL C:PHIN: PR A
TG 23 0N 5.26-14.30. 39.79-76.19F14.33-15.70,
b F A BRI 1 G Bl 2 N, AERAR T 3 [ 30
=AIMIEHL(Lu et al., 2018) LA K & 1L B Hb 47 (Zhao
etal., 2017a). K — 7 Al RE NGRS T+
HENAT RE (P RD), BRI F AR K E
—J7 1, RIS H L 1998 T 4f [l &, L2184
AR RE T AE P B LA R NFIP AR 28 (B A 55,
2011; f¥0 75 55, 2018), Bkl g S EC:NFIC:P
ifio

NAZ RS A s i BB R &R, RIS SR
ZH AR S RAWEM A KK E 1) EZERR I [F
T Rk, RAINYURE I N2 5 2 2E ) A Py A
R, HHERZWMECAR R, AR EAIRKE
AT SE (T V4545, 2010)0 FE T4 TR R ) 50d 2%
BT EE REW, NINE s T RED A E
C:PHIN:P, 1AL A 1) C: NI 2 e W) 52 31 A2 25
RGN A (Yue et al., 2017). AW,
D BN I UAE ) AR W) B NP AE S A 2 T
fERZm RN, R mENT I & T Y EN
FEAMNP, FIK T CN. AEDAEYECNPAESN
PR LR B AR RGN IR
(Cleveland & Liptzin, 2007), Kt L E#F7T45 &
WG R RN IR 70T S XNAZ RV, (H R )
Al AE T EP R 1 KRS 38 0, 5 A RROREE DL RN RBE
NAIRIE L5 AL (Yue et al., 2017; Zhou et al.,
2017; Soong et al., 2018).
33 NRMTHEMEZERSHEDENEC:N:P
AU EFTENXR

A Py o R A I R S, TR
TR A AN DL Y TR R g . R, HE
I FL T S ke A R B ) SRR T B e T A )
BT ) (van der Heijden et al., 2008; i BEHka%,
2018). [AIL, fA= P RAE P th T 356 3 X6 77 50 IR AH H
K F H R A A A K A R CFF I AR B 4R
2010). RDAZS R (B4 EW, K Z RS
WAV EP S B KCNIEMSE, SHMEMED
ENTEUENPHAR, KAME T BENG8ER
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Pemn, WA SEY PR TSR, RAARRIN
TEEPXT PRIV RE IR, FEY o] R Pigb, it
SEEYREE Z VRS, B A ENPA
FRACKEE, HEAEX PRI 1L AE R 3G 55, 4
AR BIPSE N, FEE Z AT o X — 45 SRR S
TIAEY AR CNPAB T B RHE T LR
R G575 2 BRFE  (Cleveland & Liptzin, 2007);
T8 AR DG 1 55 v 1 E 3 R - o, NO;-NAINH,-N
WS YRR Z TR B AR O, LTI E S
FENVR IR SN 2 S A4T) /2 M D A 0 2H i A8 A 1)
— Ay P &K (Zhang et al., 2014). Ak, RERE
HTIENG AR N, AP RIS A BN 1),
RO B JEATUN R B 3 B0 5 TRk (1) B A Y
FEIMRHFED . KIFEESHATRER I, L3P
ABVEARINA SRR, SEEYBEER 2
PEREAR, BARRIN AP B S PIRE 5 i
T ZAEEIR AN R (K4), BERRREREG s
FRLU(Lietal., 2016).

WP 2 s R RIR(BI5), AEAEY)
B CNPAESN T ERE G Y Fh i A4 & A
T ZAEVERR BT RS 1B, AR A £ 3¢
KB BRI ILFMRE ), RAMEEE TR
TR R IR e IR R T AR R, SR EEH
THYRE SR PTREJERE T — 5, 4
AMEA KRR 7 B SR PR GEN, BT EA
TIECNPASA T B IE 2 B3 2 i A A
VB C:N:PA A it BRSNS 3 (8 1R JE A
FAE S, 2016); H—J7i, WAEYES B & REN
MAEAAE L, 2 %F 133 A JON I & & 77 AR 52
(Leff et al., 2015). 1M H, WAEYRAMNEFRTEEH
FUGT W () 53 fife At 2> 52 e 2] L 58 h PRSI 7 I ik 25
IR #L(Makino et al., 2003). [ i 2 Py Al 4 358 2 |A]
NAIPAL 3 AL AL R & 0 R, K EHAEH THEY)
JG & A 2 P i R AR TG 2 B VK 45 B (Zechmeister-
Boltenstern et al., 2015).

LA UL B b, SENIINEM T 5 B R EN
PRI, BRmAERE T HEYE KRB A A EN
R 158 T IAEMAEYENP LR T Ay
AP ECN; BN AT e 2 5 8P 8 A XA
S PRR I RS AH RZ3E I, PR B AR T AR B VR 2 A
P NI A A ECNPA ST ER R
()38 2 A F T AE R VA 4 AR, (H L5 5 - 38 A
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